of tens of meters rather than tens or hundreds of kilometers).
It will be seen that this results in an entirely different set of requirements for the oscillator noise.
Short-range radars have many applications such as in intrusion alarms [4] , [6] , [7] and automobile braking systems [4] , [8] , [9] . The possibility of their widespread usage has been enhanced by the availability of low-cost microwave sources such as avalanche transit-time (ATT) and transferred-electron devices. Fig. 1(a) 
) Load-Variation-Detector
Model: A short-range radar has also been described sometimes as a "load-variation detector" [11] . The equivalent circuit of this system is shown in Fig. 1 (b) where the oscillator is represented by an active diode impedance ZD and the RF circuit admittance Y. which includes the diode package and oscillator cavity as well as the load admittance YL. The load in this case consists of the transmission line, antenna, and the target which is coupled to the antenna through reflection. Let the transmitted signal at the oscillator output port (which is chosen as the reference plane) be e$ = V. exp (jioot).
Then the reflected signal received is
where @ = %fd, rt k the two-way transit time between the antenna and the target and the phase delay (1/2 ) Two +
(1/2)7, (ao + @d) has been replaced by the approximation UW,. The effective reflection coefficient of the load (which includes the antenna and the target ) at the reference plane is 
III. CALCULATION OF THE DOPPLER SIGNAL STRENGTH
A quasi-static analysis of the circuit of Fig. 1(c 
+d: (f-.fO) =o (6) where impedances have been expressed by the first two terms of their Taylor series expansions as in [13] , Separation of the real and imaginary parts of (6) and solution of the resulting equations for V and f gives upon simplifi-
is equal to half of the locking bandwidth of the oscillator for an injected signal of amplitude kVO [13] . Equations (7) and (8) 
where Af,~, is the rms frequency deviation measured at a frequency w/27r away from the carrier frequency in a bandwidth Bd.t Hz, which is narrow enough so that S+(w) may be taken as a constant over it. Therefore, the shape of the spectrum S$ (w ) is identical with the plot of the rms frequency deviation as a function of frequency separation from the carrier, as shown in Fig. 2 (a) . The inverse Fourier transformation of PO(OJ ) gives the autocorrelation function R@(T) which is shown in Fig. 2(b a Assumed transmission loss, 1/kz = 100 dB, B&~= 100 Hz.
X band the frequency of operation has no noticeable effect on it. The effect of the bias current density on the voltage depression is also not very large, as can be seen from the dashed line for four times as large a current.
Three different frequencies (above, near, and below the frequency of maximum negative conductance) and four different signal amplitudes were selected as shown in Table I . The Doppler signal and AM noise were calculated at these operating points using (14) and (28). The AM noise in a 1OU-HZ bandwidth is shown as a function of the output power and frequency in Fig. 5 (a) and (b) , respectively. Table I summarizes the results of this calculation. Table I that the mixer signal-to-noise ratio improves with increasing power output and frequency of o~eration.
It is obvious from
The reasons for this are: 1 ) the Doppler sideband power given by (14) increases at higher frequencies due to a larger voltage sensitivity of the detice A second conclusion drawti from Table I is that the contribution of video-frequency noise to the video signalto-noise ratio is very small. At low frequencies, the AM noise power is large while at large signal levels the downconversion sensitivity y T1 given by (26) is high. Therefore the video noise could become significant only at high frequencies and low output.
In most cases, however, the signal-to-noise ratio is limited primarily by the intrinsic AM noise sidebands.
V. CONCLUSIONS .
The influence of oscillator noise on the signal-to-noise ratio of a CW short-range Doppler radar employing a selfmixing oscillator has been evaluated. Three different models for the self-mixing oscillator and their ranges of usefulness were discussed. Expressions have been found for calculating the Doppler sideband. power and the detected Doppler voltage. Together with the expressions for calculating video noise voltage and AM noise power spectrum they yield the signal-to-noise ratio of the radar. It is found that FM noise does not limit the detectability of a signal provided it is small for frequencies above l/r~, where T t is the two~way transit time between the antenna and the target.
The signal-to-noise ratio is limited primarily by AM noise, but video-frequency noise becomes important if the device is operated at frequencies above the peak negative conductance frequency and at low RF power levels. The factors influencing the radar signal-to-noise ratio are the down-conversion sensitivity of the oscillator (2'1 ), the signal level (VO)~and the RF noise voltage (~), the first two of which should be large (within the limitations of the small-signal noise analysis [20] ) and the third, small. The voltage sensitivity of the device impedance does not influence the signal-to-noise ratio because it influences both the Doppler signal power, (12) and (14), and AM noise power, (28), equally. The calculated signal-to-noise ratio for ,a self-mixing ATT diode oscillator used in a Doppler radar shows that for a given diode it is desirable to operate it at a high frequency and large power output. Alternatively, for a given radar the signal-to-noise ratio is improved by choosing a diode with a longer depletion-region length. l/f noise in the device, if any, was neglected in this analysis; the method of calculation is, however, general.
